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Datums

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88).
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum. (13139510) , and loses flow between the Hailey streamgage and the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800). Shorter reaches within these segments may differ in the direction or magnitude of seepage or may be indeterminate because of measurement uncertainty. Additional reaches were measured on Silver Creek, the North Fork Big Wood River, Warm Springs Creek, Trail Creek, and the East Fork Big Wood River. Discharge measurements also were made on the Hiawatha, Cove, District 45, Glendale, and Bypass Canals, and smaller tributaries to the Big Wood River and Silver Creek.
Abbreviations and Acronyms
Water levels in 93 wells completed in the Wood River Valley aquifer system were measured during October 22-24, 2012; these wells are part of a network established by the U.S. Geological Survey in 2006. Maps of the October 2012 water-table altitude in the unconfined aquifer and the potentiometric-surface altitude of the confined aquifer have similar topology to those on maps of October 2006 conditions. Between October 2006 and October 2012, watertable altitude in the unconfined aquifer rose by as much as 1.86 feet in 6 wells and declined by as much as 14.28 feet in 77 wells; average decline was 2.9 feet. A map of changes in the water-table altitude of the unconfined aquifer shows that the largest declines were in tributary canyons and in an area roughly between Baseline and Glendale Roads.
From October 2006 to October 2012, the potentiometricsurface altitude in 10 wells completed in the confined aquifer declined between 0.12 and 20.50 feet; average decline was 6.8 feet. A map of changes in the potentiometric-surface altitude of the confined aquifer shows that the largest declines were in the southwestern part of the Bellevue fan.
Reduced precipitation prior to the October 2012 water-level measurements likely is partially responsible for 2006-12 water-table declines in the unconfined aquifer; the relative contribution of precipitation deficit and groundwater withdrawals to the declines is not known. Although the confined aquifer may not receive direct recharge from precipitation or streams, groundwater withdrawal from the confined aquifer induces flow from the unconfined aquifer. Declines in the confined aquifer are likely due to groundwater withdrawals and declines in the water table of the unconfined aquifer. A statistical analysis of five long-term monitoring wells (three completed in the unconfined aquifer, one in the confined aquifer, and one outside the aquifer system boundary) showed statistically significant declining trends in four wells.
Introduction
The population of Blaine County in south-central Idaho nearly quadrupled-from about 5,700 to 22,000 peoplebetween 1970 peoplebetween and 2010 peoplebetween (Forstall, 1995 U.S. Census Bureau, 2011) . In addition to permanent residents, thousands of people visit Blaine County annually for winter and summer recreation. Most population growth and recreational uses are in the northernmost part of the county in the Wood River Valley ( fig. 1) . The entire population of the valley depends on groundwater for its domestic water supply, either from privately owned or municipal-supply wells. Groundwater also is used for commercial, industrial, and irrigation purposes; surface water is used for recreation and irrigation. The extensive interaction between groundwater and surface water in the valley was recognized by 1921 (Chapman, 1921) .
tac14-0942_fig01
I n d i a n 
Introduction 3
The Idaho Department of Water Resources (IDWR) is charged with managing the water resources of the State of Idaho, and the evolution of their approach to the Wood River Valley shows the challenges associated with the coordinated management of groundwater and surface water. In 1961, concerns about the effects of groundwater withdrawals on streamflow led to the designation of the Big Wood River and Silver Creek Basins as a Critical Ground Water Area. This designation was rescinded in 1966 "at the request of local water users" (Idaho Department of Water Resources, 2014a) . In 1980, the IDWR declared surface water upstream of Magic Reservoir (3.5 mi downstream and southwest of the study area) fully appropriated. The IDWR first recognized the need to plan for the conjunctive management of groundwater and surface water in 1986 (Idaho Water Resource Board, 1986) . In 1991, after determining that groundwater pumping by users with junior water rights was adversely affecting surface-water diversions by users with senior water rights, the IDWR designated the Big Wood River, Silver Creek, and Camas Creek Basins as the Big Wood River Ground Water Management area (GWMA). (Camas Creek is a tributary to the Big Wood River downstream and southwest of the Wood River Valley.) The GWMA was intended to increase management of groundwater and to limit new appropriations of groundwater within the area. In 2011, the IDWR created the Upper Wood Rivers Measurement District (UWRMD) to measure and report groundwater diversions within the district boundaries. The UWRMD was abolished in 2013 when the IDWR combined Water Districts 37 and 37M and added groundwater-rights administration to the surface-water right administration duties of the district (Idaho Department of Water Resources, 2014b).
In 2012, the U.S. Geological Survey (USGS), in cooperation with the IDWR, began work on a MODFLOW numerical groundwater-flow model to advance the basic understanding of the aquifer system, and ultimately to examine effects on the groundwater system and its interaction with the Big Wood River because of changes in water use, recharge, or discharge. Groundwater-flow models have become the most commonly used tool for conjunctive administration of ground-and surface-water rights, and the model of the Wood River Valley aquifer system may also serve as a tool for water-rights administration and waterresource management and planning.
Purpose and Scope
This report describes a seepage investigation of streams and canals in the Wood River Valley and groundwater levels and water-level changes in the Wood River Valley aquifer system for inclusion in a groundwater-flow model. Streamdischarge measurements for the seepage investigation were made in August 2012 , and March 2013 Supplemental discharge measurements made during the seepage investigation are included. Water-level measurements were made in selected wells during October 2012 and then compared to measurements made in the same wells during October 2006.
Description of Study Area
The Wood River Valley of south-central Idaho extends from Galena Summit (not shown), at the head of the Big Wood River Basin north of the study area, southward to the Timmerman and Picabo Hills ( fig. 1) . The valley can be separated into upper and lower parts along an east-west line immediately south of Bellevue. The upper valley is narrow, broadening downstream to a maximum width of 2 mi, and the lower valley opens into a triangular alluvial fan (the Bellevue fan) about 9 mi across at its southern end. The study area of this report is the part of the Wood River Valley aquifer system that extends from Baker Creek southward to the Timmerman and Picabo Hills, including parts of tributary valleys with producing wells ( fig. 1) .
The Wood River Valley has a relatively flat bottom, and land-surface altitudes range from about 6,800 ft at the northern boundary of the study area near the confluence of the Big Wood River with Baker Creek to about 4,800 ft at the southeastern boundary near Picabo and the southwestern boundary at Stanton Crossing ( fig. 1, pl. 1 ). Numerous tributary canyons intersect the valley, the largest of which are those of the North Fork Big Wood River, Warm Springs Creek, Trail Creek, the East Fork Big Wood River, Deer Creek, and Croy Creek ( fig. 1) . The main valley and the tributary canyons have steep sides and are surrounded by highlands with peaks at altitudes of more than 11,000 ft.
In addition to their different physiographic characteristics, the upper and lower valleys also differ in land use. The upper Wood River Valley is more developed and contains the incorporated communities of Sun Valley, Ketchum, Hailey, and Bellevue. Land use in the upper valley is predominantly residential, with many large homes situated on landscaped acreage. The lower Wood River Valley is dominated by farms and ranches (irrigated by groundwater and diverted surface water), and contains the small communities of Gannett and Picabo. Although some of the tributary canyons in the upper valley, such as Trail and Warm Springs Creeks, have supported development for more than 70 years, more recent development has expanded into the other tributary canyons of the valley. Three wastewater-treatment plants in the study area discharge to the Big Wood River, another plant uses land application for treated wastewater, and many homes rely on septic systems for wastewater disposal. Other features of the study area, including climate, are described in Skinner and others (2007) , Bartolino (2009) , Bartolino and Adkins (2012) , and Hopkins and Bartolino (2013) .
Groundwater
The Wood River Valley aquifer system is composed of a single unconfined aquifer that underlies the entire valley, an underlying confined aquifer that is present only in the southern Bellevue fan (generally to the south of Baseline Road; fig. 1 ), and the confining unit separating the two aquifers. The aquifer system consists primarily of Quaternary sediments of the Wood River Valley, although Quaternary basalts and interbedded sediment are the primary source of water in the southeastern Bellevue fan.
The confined aquifer is separated from the overlying unconfined aquifer by fine-grained lacustrine deposits. This confining unit thickens toward the south and, generally, as land-surface altitude decreases in the same direction, the potentiometric surface rises above land surface and some wells flow under artesian pressure. South of Gannett, near the westernmost extent of Quaternary basalt, the confining unit fingers out and the aquifer becomes solely unconfined again.
Depth to groundwater in the upper valley commonly is less than 10 ft, increasing to about 90 ft to the south. Water levels in wells completed in the unconfined aquifer in the lower (or southern) part of the valley range from less than 10 ft to about 150 ft. Wells completed in the confined aquifer are under artesian pressure and flow where the potentiometric surface is above land surface.
Surface Water
The Big Wood River and its tributaries drain most of the Wood River Valley; the southeastern part of the Bellevue fan is drained by Silver Creek, a tributary to the Little Wood River. The Big Wood and Little Wood Rivers meet near Gooding, about 35 mi southwest of the study area, where they join as the Malad River, a tributary to the Snake River. The Big Wood River originates near Galena Summit, about 20 mi northwest of Ketchum, gaining flow from numerous perennial and ephemeral tributaries as it meanders across the narrow upper valley. At Bellevue, the channel follows the western side of the Bellevue fan (although flow through most of this reach is ephemeral), and exits the valley at the Big Wood River at the Stanton Crossing near Bellevue streamgage (13140800; fig. 1 ). Most of the streams in the tributary canyons to the Big Wood River are ephemeral and flow only in response to precipitation or snowmelt; however, the North Fork Big Wood River, Warm Springs Creek, Trail Creek, and the East Fork Big Wood River typically flow into the Big Wood River year-round. Streams in some of the smaller tributary canyons are perennial in their upper reaches, and some of this water likely infiltrates directly into the aquifer system, or reaches the Big Wood River by subsurface flow through streambed gravels. Fed by springs and seeps, Silver Creek and its tributaries originate on the Bellevue fan; Silver Creek then flows east out of the valley at Picabo ( fig. 1) . A well-developed network of irrigation canals and drains is present throughout the study area; most of the Wood River Valley was under irrigation by 1900 (Jones, 1952) , with the oldest water rights in the valley dating to 1880. The diversions and return flows between the irrigation system and the Big Wood River, as well as the exchange of water between the canals, drains, and streams and the underlying unconfined aquifer, complicate the interpretation of streamflow gains and losses.
Previous Work
Surface-Water Discharge and Seepage Measurements
The first published streamflow measurements of Silver Creek and the Big Wood River were made in the summer of 1889 and are available in Powell (1891). Seepage measurements were made on the Big Wood River and Silver Creek by the U.S. Irrigation Investigation (Department of Agriculture) for the Idaho State Engineer (Ross, 1903) . Chapman (1921) compiled 1921 canal deliveries for the Big and Little Wood River Basins upstream of their confluence, with additional information including descriptions of the hydrology, stream-discharge measurements from about 30 sites in the area, and seepage determinations for selected reaches. Stearns and others (1936) assessed the groundwater resources of the Snake River Plain and its tributaries, and included a discussion of Silver Creek and the Big Wood River and their measured and estimated stream discharge near Picabo and downstream of Magic Reservoir (not shown). Jones (1952) catalogued streamgage data, reservoirs, and surface-water diversions for the entire Malad River Basin including Camas Creek and the Big and Little Wood River Basins. Smith (1959) described the groundwater system of the Wood River Valley and noted that groundwater and surface water in the Wood River Valley "cannot be considered successfully as separate entities." Smith (1960) evaluated hydrogeologic conditions at streamgages in the Malad River Basin in order to assess the possibility of underflow and its effect on basin-yield calculations. Castelin and Winner (1975) Personnel at the Nature Conservancy Silver Creek Preserve have collected streamflow and water temperature data for Silver Creek and its tributaries. Much of these data are available from Save Silver Creek (2014).
Water-Level Measurements
Chapman (1921) created the earliest groundwater-level map of the Wood River Valley, which shows conditions in the Bellevue fan area south of Bellevue ( fig. 1) during June 1921. A report by Stearns and others (1936) contains a smallscale groundwater-level map of conditions during 1928-30 in the eastern Snake River Plain and selected tributaries including the Bellevue fan area and the Camas Prairie. Smith (1959) , Castelin and Chapman (1972), Moreland (1977) , Brockway and Grover (1978) , Luttrell and Brockway (1984) , Frenzel (1989) , Wetzstein and others (2000) , and Skinner and others (2007) prepared subsequent groundwater-level maps of all or parts of the Wood River Valley. Small-scale groundwater-level maps that include the Wood River Valley include those by Mundorff and others (1964) , Maupin (1991 Maupin ( , 1992 , Berenbrock and others (1995) , and Briar and others (1996) .
Methods
Surface-Water Discharge Measurement and Uncertainty
Stream-discharge measurements were made in accordance with USGS methods (Rantz and others, 1982; Oberg and others, 2005; Mueller and Wagner, 2009; Turnipseed and Sauer, 2010; Wood, M.S., and Evetts. D.M., written commun., 2014) . Measurements were made with either a SonTek FlowTracker ® handheld acoustic Doppler velocimeter (ADV) or conventional vertical-axis current meter.
Measurement uncertainty for both types of instruments is expressed as a percentage of the measured total stream discharge. The FlowTracker ® ADV calculates these uncertainties within the instrument using statistical techniques developed by the USGS; the uncertainties are described in SonTek/YSI (2009). Measurements made with a conventional current meter are assigned a rating of excellent, good, fair, or poor by the hydrographer with associated measurement errors of ±2, ±5, ±8, or more than ±8 percent, respectively (Turnipseed and Sauer, 2010) . In this report, measured streamdischarge values are shown with uncertainty expressed as plus or minus cubic feet per second (± ft 3 /s).
Determination of Seepage and Uncertainty
A seepage run is performed in order to determine the movement of water between surface water and the underlying groundwater. This flux is determined by measuring stream discharge at the upstream and downstream ends of a reach and then accounting for surface-water inflows or diversions within the reach. If discharge has increased throughout the reach, the additional flow may be attributed to groundwater discharge into the stream (streamflow gain). If stream discharge has decreased throughout the reach, the lost flow can be presumed to have infiltrated to groundwater as recharge (streamflow loss).
Because two or more discharge measurements are needed to determine streamflow gain or loss, the uncertainty associated with each discharge measurement propagates through the seepage calculation. This uncertainty can be quantified by the application of the error propagation formula. The resulting uncertainty estimate thus incorporates the uncertainty of each discharge measurement used in the seepage calculation (Wheeler and Eddy-Miller, 2005) . A limitation of this gain-loss estimation method is that the collective uncertainty of all discharge measurements used to estimate streamflow gain or loss in a given reach can exceed the estimated gain or loss. In such cases, confidence in the actual value of the estimated gain or loss is diminished.
Seepage in individual subreaches may differ from that of the entire reach. As a result, the location of discharge measurement sites that define a particular reach may affect the determination of seepage; shifting the reach slightly can affect the calculated value or direction of seepage.
Stream-discharge values are shown as recorded by the hydrographer who made the measurement and correspond to the values in the USGS National Water Information System (U.S. Geological Survey, 2014a). Seepage estimates are reported to the appropriate number of significant figures using standard procedures (Hansen, 1991) . Numbers that require rounding with a last digit of 5 are rounded to the nearest even number.
Groundwater-Level Measurement
Water levels were measured in 93 wells completed in the Wood River Valley aquifer system during October 22-24, 2012, in accordance with USGS methods (Cunningham and Schalk, 2011) . In non-flowing wells, water levels were measured using either steel tapes or calibrated electric tapes. In flowing wells, water levels were measured with a calibrated digital pressure gage. Ten of the 93 wells were completed in the confined aquifer; the remaining wells were completed in the unconfined aquifer (some wells also were completed into consolidated bedrock). These wells were part of the 98-well groundwater-level network established and measured by the USGS during October 23-27, 2006 (Skinner and others, 2007) . Five of the wells measured in 2006 were not measured in 2012, typically because permission was not granted.
Water-Level and 2006-12 Change Maps
The October 2012 groundwater-level maps and 2006-12 groundwater-level change maps were produced with the ArcMap ™ 10.1 geographic information system (GIS) (Environmental Systems Research Institute, 2014) . Water levels measured in October 2012 were used to create water-table and potentiometric-surface maps of the unconfined and confined aquifers, respectively. Water levels measured in October 2012 were subtracted from water levels measured in October 2006 for each well measured during 2012 to create water-table and potentiometric-surface change maps of the unconfined and confined aquifers, respectively. The maps were created by evaluating water-level data in ArcMap ™ using the "Spline with Barriers" interpolation tool to create a raster surface for each of the four maps. Contour lines representing water-level altitude and waterlevel change then were drawn from the raster surface to create the final maps. Contour lines that were artifacts of the interpolation tool were eliminated and contour lines in areas of uncertainty were dashed.
The groundwater-level network established in 2006 does not contain any wells completed in the unconfined aquifer in the far southwestern area of the aquifer system. In order to extend contours into this area, it was assumed that 0.0 ft stage at the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800) ( fig. 1 ; marked as well SC on plates 1 and 3) represented the water table with an altitude of 4,828 ft (Bartolino and Adkins, 2012) . This is a reasonable assumption because much of the land in the southern Bellevue fan is wetland or has a shallow water table.
In this report, a one-or two-digit number is used to identify wells completed in the unconfined aquifer; a C is added if the well is completed in the confined aquifer (pls. 1, 2, and 3; appendix table B1). The one-or two-digit numbers are the same numbers used by Skinner and others (2007, appendix 
Groundwater-Level Trend Analysis
Water levels in four wells completed in the Wood River Valley aquifer system and one well completed in similar rocks adjacent to the study area were evaluated with the nonparametric seasonal Kendall (for two and four seasons) and Mann-Kendall tests to determine the presence of any statistically significant trends in water levels. If the Kendall's S statistic is significantly different from zero, it may be concluded that there is a monotonic trend in water levels over time. Temporal trends in groundwater levels were considered to be statistically significant if the p-value (or level of significance) was less than 0.005 at a confidence level of 99.5 percent. A detailed discussion of these techniques is given in Helsel and Hirsch (1992) . Statistical tests were made with free USGS R-language statistical packages (U.S. Geological Survey, 2014b).
Stream Seepage
Stream-discharge measurements for determination of seepage were made during several days on three occasions: August 27-28, 2012 , October 22-24, 2012 , and March 27-28, 2013 . Discharge measurements were made at 49 sites in August and October 2012, and 51 sites in March 2013. The locations of the measurement sites on the Big Wood River, Silver Creek, their tributaries, and canals are shown in figure 2 . The names, locations, and measurement conditions for the sites are listed in table 1. Summaries of the discharge measurements and measured gain or loss for the three seepage runs are in tables A1, A2, and A3.
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I n d i a n T05   T03   T16   S02   S01   T02   T01   T15   T14   T11   T13   T12   T10   T09   T08   T07   T06   T04 fig. 2; table 1 ). Discharge measurements were supplemented with measurements of tributary inflow and canal diversions at 16 sites to determine streamflow gain or loss in 9 reaches (11 reaches in March 2013) of the Big Wood River (figs. 2 and 3; tables 1, A1, A2, and A3).
The reach between the Big Wood River near Ketchum streamgage (13135500, B01) and the Sage Road Bridge site (B02) gained flow during all three measurements. Three small tributary canyons and one large tributary canyon, the North Fork Big Wood River, contribute subsurface inflow to the aquifer. Although most homes in the B01-B02 reach have wells, housing density along this reach is relatively sparse compared to the remainder of the Wood River Valley.
The Sage Road Bridge (B02) to Ketchum (B03) reach seemed to lose flow during all measurements; however, uncertainty was greater than the measured loss in March and October. The measured loss in this reach may be caused by a combination of: (1) increased development density down valley toward Ketchum (many homes in the area have domestic wells), (2) only two tributaries seem to contribute subsurface inflow, and (3) large uncertainty is present in the discharge and seepage measurements.
Seepage in the two reaches from Ketchum (B03) to the Big Wood River at Hailey streamgage (13139510, B05) varied seasonally. In August, uncertainty was greater than the small measured gain in the B03-B04 reach and there was no gain or loss in the B04-B05 reach. In October, both reaches seemed to gain flow; however, in the B04-B05 reach, uncertainty was greater than the measured gain. In March, both reaches gained flow. Although development is relatively dense in these two reaches with numerous individual and community wells, the presence of several large and numerous small tributary canyons may contribute a greater volume of subsurface inflow than the B02-B03 reach.
The three reaches between the Big Wood River at Hailey streamgage (13139510, B05) and the Glendale Bridge site (B08) were determined to be losing reaches during all three measurements. Possible reasons for these losses include: (1) precipitation decreases down valley; (2) few tributary canyons contribute subsurface inflow; and (3) depth to groundwater increases away from the channel, thereby inducing flow from the Big Wood River.
The Glendale Bridge (B08) site to the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800, B11) reach was a gaining reach in August 2012 but a losing reach in October 2012 and March 2013 ( fig. 3) . The March seepage measurements included two additional sites: Big Wood River at Sluder Drive near Bellevue (B09) and Big Wood River at Wood River Ranch near Bellevue (B10)-both reaches lost flow. The measured gain in the B08-B11 reach during August is not representative of the entire reach. During the late summer and early autumn, nearly all the flow of the Big Wood River is diverted into the Baseline Bypass Canal at site C09 ( fig. 2) . The Bypass Canal was built in 1920 to route water around the "Dry Bed" section of the Big Wood River to speed the passage of water through this section of the river and to reduce losses (Chapman, 1921) . At site C11, flow can be routed south to the Baseline Bypass extension canal or west back to the braided channel of the Big Wood River in the lower part of the B09-B10 reach. The B10-B11 reach contains a series of springs that (in combination with streamflow from several spring-fed tributaries) supply the base flow at the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800, B11). When the entire flow of the river is diverted upstream of the Glendale Bridge (B08) and there is no return flow from the Bypass, all the flow at site B11 enters the river in the B10-B11 reach. Therefore, during the August seepage measurements, the measured gain of 26 ft 3 /s represents base flow at the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800, B11). This value is similar to mean discharge at this streamgage for December-February (which represents base flow) of 34 ft 3 /s. However, at larger flows, such as from Bypass return flow (October) or when the entire B08-B10 reach is flowing (March), the B10-B11 reach loses flow. As with the B05-B08 reach, these losses may be caused by decreased precipitation down valley, fewer tributary canyons to contribute subsurface inflow, and increased depth to groundwater away from the channel of the Big Wood River.
Finally, the reach between the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800, B11) and the Big Wood River near Bellevue site (B12) lost flow in August and gained flow in October (although uncertainty was equal to measured seepage) and March. Discharge at sites B11, B12, and Willow Creek (T16) were similar in August and October, and no diversions or wells are in this reach. It is not clear what changed between August and October to reverse seepage direction.
Direct comparison of seepage measurements in this report with previous work is difficult because measurements have been made during different months, at different sites, and with different methodologies, and some tributaries or diversions may have been neglected. Previous measurements also have not included estimates of uncertainty. The gain measured in the reach between the Big Wood River near Ketchum streamgage (13135500, B01) and the Big Wood River at Hailey streamgage total flow (13139510, B05) generally agrees with all previous seepage determinations. As in this report, previous work determined that the reaches between the Big Wood River at Hailey streamgage (13139510, B05) and the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800, B11) both gained and lost flow, primarily because of the Baseline Bypass.
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Big Wood River Tributaries
Seepage was determined on four tributary streams to the Big Wood River: the North Fork Big Wood River, Warm Springs Creek, Trail Creek, and the East Fork Big Wood River (figs. 1 and 2; tables 1, A1, A2, and A3). Two discharge-measurement sites were established on each stream, and all eight sites were measured in August and October 2012. In March 2013, the upper sites on the North Fork Big Wood River and the East Fork Big Wood River were inaccessible because of snow; therefore, March seepage was not determined for these two tributaries.
The North Fork Big Wood River reach (T01-T02) appeared to lose flow in August and October, but uncertainty exceeded the seepage value, thus making the measurements indeterminate (tables A1 and A2). The Warm Springs Creek reach (T07-T08) had little or no measurable streamflow gain or loss during all three seepage runs, and all were indeterminate because measurement uncertainty exceeded the rather slight measured seepage (tables A1, A2, and A3). The Trail Creek reach (T09-T10) lost flow during all three seepage measurements. The East Fork Big Wood River reach (T12-T13) lost flow in August and October (tables A1 and A2).
Silver Creek and Tributaries
Stream-discharge measurements were made at two sites on Silver Creek (S01 and S02) during August 2012, October 2012, and March 2013 ( fig. 2 ; tables 1, A1, A2, and A3). The downstream measurement was made at the site of a USGS streamgage that operated during 1920-62. Although part of this reach lies outside the boundary of the Wood River Valley aquifer system ( fig. 1) , hydrologic conditions there are similar to those within the aquifer boundary; therefore, this reach may be considered representative of hydrologic conditions within the boundary. In August, the Silver Creek reach (S01-S02) gained flow (table A1). It should be noted that the diversion data used in the gain-loss estimate for this reach were not measured as part of this investigation. The diversion data were provided by the local Water District 37 (Kevin Lakey, Watermaster, Water District 37, written commun., March 24, 2014); therefore, uncertainty values could not be assigned to the diversion data. No diversions were reported during October and March. In October, the Silver Creek reach gained flow, although measurement uncertainty was nearly as large as the calculated gain. In March, there was no measured loss or gain, but measurement uncertainty was 5.3 ft 3 /s.
In addition to the measurement sites on Silver Creek, stream discharge was measured at eight sites on tributaries to Silver Creek where they cross U.S. Highway 20 ( fig. 2 ; tables 1, A1, A2, and A3). All these tributaries enter Silver Creek upstream of the Silver Creek at Sportsman Access near Picabo streamgage (13150430, S01) (figs. 1 and 2; table 1) and, therefore, do not affect the measured seepage for the reach downstream of this streamgage. All the measured tributaries originate as seeps and springs.
Canals
Discharge measurements were made on four canals that divert water from the Big Wood River in the Wood River Valley ( fig. 2 ; tables 1, A1, A2, and A3). These canals are mostly unlined, but they contain some concrete-lined sections. When flow was present, all canals lost flow between the measurement sites, although measured seepage was indeterminate on several canals because of unmeasured diversions and returns. Because numerous small diversions and returns with flow rates of several cubic feet per second occur between the discharge-measurement sites, the August seepage determinations for canals have additional uncertainty. Although discharge measurements were made, seepage was not determined on the District 45 canal (sites C05-C08; fig. 2 ; tables 1, A1, A2, and A3) because of diversions and intersections with other canals. Water District 37-37M records do not report any small diversions during the October and March measurements.
Water Levels In October 2012 and Change From October 2006
Water levels in 93 wells in the Wood River Valley study area were measured during October 22-24, 2012 (table B1; pls. 1, 2, and 3). These wells are part of the groundwater-level network established in 2006 and described in Skinner and others (2007) .
Conditions in October 2012
Unconfined Aquifer
Water levels were measured in 83 wells completed in the unconfined aquifer (including wells with additional screened intervals into underlying bedrock) during October 22-24, 2012 ( Skinner and others (2007) .
In addition to adding the water surface at the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800, B11) as a water-table elevation (as described in section, "Methods"), a well in Elkhorn Gulch measured in October 2006 but not included in Skinner and others (2007) was included on the 2012 unconfined aquifer maps in the current report (well 88, table B1; pls. 1 and 3). This well, and others completed in tributary canyons, is screened across both the unconfined aquifer and the underlying bedrock aquifers. Although such completions can be for wellbore storage of water in areas of low-yielding wells, drillers' logs for these wells show water-producing zones in the bedrock. Therefore, the water level in these wells may represent a combination of water levels in the bedrock and unconfined aquifer.
Confined Aquifer
The potentiometric-surface map of the confined aquifer was constructed with water levels measured in 10 wells during October 22-23, 2012, and uses 10-ft contour intervals (pl. 2A). The potentiometric surface is highest near the intersection of Baseline Road and Idaho Highway 75 (pl. 2A), and slopes to the southwest where the Big Wood River leaves the valley at the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800, B11), and to the southeast where the confined aquifer merges with the unconfined aquifer and water levels become unconfined. The contours of the October 2012 potentiometric surface have the same general shape as the contours of the October 2006 potentiometric surface shown in Skinner and others (2007) .
Change During October 2006-October 2012
The groundwater-level change maps presented in this report are based on comparisons of water levels measured in the same wells during October 2006 and October 2012 (pls. 2B and 3). These maps may be considered more reliable representations of water-level change than the partial development to October 2006 change maps shown in Skinner and others (2007) that compared interpolated surfaces rather than individual wells. Because the 2006 and 2012 measurements were both made in late October, the effect of seasonal variation in water levels noted by previous investigations also is minimized.
Unconfined Aquifer
Water levels from the same 83 wells used to construct the October 2012 water-table map were compared to water levels measured during October 23-26, 2006, to produce a water-level change map with 2-ft contours (table B1; pl. 3). Water levels rose between 2006 and 2012 in six wells; the maximum increase was 1.86 ft (well 3). Water levels in the remaining 77 wells declined by as much as 14.28 ft (well 36); the average decline was 2.9 ft. The largest declines were in tributary canyons and an area roughly between Baseline and Glendale Roads ( fig. 1, pl. 3).
Confined Aquifer
The water levels measured in the same 10 wells used to construct the October 2012 potentiometric-surface map (pl. 2B) were compared to water levels measured in the same wells during October [23] [24] [25] [26] 2006 . Water levels in all measured wells declined between 2006 and 2012; changes in the altitude of potentiometric surface with 2-ft contour intervals are shown in plate 2B. The southwestern part of the Bellevue fan near the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800, B11) ( fig. 1) showed the greatest decline in the potentiometric surface of 20.50 ft (well C40) (table B1; pl. 2B). The smallest decline of 0.12 ft (well C45) (table B1; pl. 2B) was in the southeastern part of the Bellevue fan near Picabo (fig. 1) ; the average decline was 6.8 ft.
Probable Causes of Water-Level Declines
There are three main probable causes for the water-level declines described in this report: changes in precipitation over the aquifer system during the period leading up to the October 2006 and 2012 measurements, groundwater pumping, and decreased surface-water supply.
Precipitation during the 12 months preceding the 2012 water-level measurements was compared to precipitation during the 12 months prior to the 2006 water-level measurements at the Picabo AgriMet and Ketchum Ranger Station weather stations ( fig. 1) Less qualitatively, groundwater levels in areas that receive groundwater recharge from intermittent streams (including canals) or small streams that are highly sensitive to mountain precipitation tend to decline during dry periods because recharge is reduced. By assuming that discharge at the Big Wood River at Hailey streamgage (13139510, B05) ( fig. 1) Groundwater levels in areas adjacent to perennial reaches of the Big Wood River or Silver Creek tend to fluctuate less because sufficient streamflow is available to recharge groundwater from losing stream reaches. The distribution of water-level declines in the unconfined aquifer is consistent with this pattern: declines are greatest in tributary canyons and areas of the Bellevue fan with canals or adjacent to the ephemeral reach of the Big Wood River. Moreland (1977, p. 22) noted that "Groundwater levels quickly decline after cessation of recharge from the river." The Wood River Valley north of Bellevue is narrow and the Big Wood River is well connected to the unconfined aquifer; water-level declines in this area typically are less than 2 ft. In addition to reducing groundwater recharge, the reduced supply of surface water for irrigation tends to increase groundwater pumping to make up the deficit. Therefore, decreases in surface-water supply prior to the October 2012 water-level measurement likely was partially responsible for 2006-12 water-level declines in the unconfined aquifer; the relative contribution of precipitation deficit and groundwater pumping to the declines is unknown.
Although the confined aquifer may not receive direct recharge from precipitation or streams, groundwater withdrawals from the confined aquifer induce flow into it from the unconfined aquifer. Water-table declines in the unconfined aquifer likely reduce the amount of water that flows into the confined aquifer. Therefore, groundwater withdrawals and declines in the water table of the unconfined aquifer likely are responsible for declines in the potentiometric surface of the confined aquifer.
Moreland (1977, p. 37) observed that the springs and seeps that provide the base flow at the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800, B11) "probably are discharge points for the deep, confined aquifer." The shape of the 2012 potentiometric-surface suggests some discharge in this area (pl. 2). If there is discharge, the marked 2006-12 decline in the potentiometric surface in this area should have appreciably decreased winter 2012-13 discharge (base flow) at the streamgage; such a decrease is not readily apparent in the hydrograph for the streamgage, but statistical analysis is needed.
Groundwater-Level Trends
Caution should be exercised in using the 2006-12 groundwater-level change maps to identify water-level trends: two synoptic measurements 6 years apart may not accurately convey the direction or rate of water-level trends. Although the 2006-12 groundwater-level change maps shown on plates 2B and 3 provide an overview of changes in the entire valley between two dates 6 years apart, an analysis of several wells with detailed temporal information can provide a basis for evaluation of these declines.
Five wells in and near the study area have semiannual water-level measurements that can be used to evaluate the changes shown on plates 2B and 3. Three of these wells with more than 50 years of record were evaluated for water-level trends in Skinner and others (2007) fig. 1; table B1 ; pls. 1 and 3), was not included in this earlier analysis because it had one waterlevel measurement in 1983, with no other measurements until semiannual measurements began in 1991. A fifth well, 431642114013002 (02S 20E 01ACC2), is about 4 mi southeast of Picabo and outside the study area ( fig. 1) . For this report, temporal trends in water levels were evaluated for these five wells.
Water levels for the period of record from each of the five wells were evaluated with three nonparametric trend tests: seasonal Kendall tests using both two and four seasons, and Mann-Kendall tests on annual mean groundwater levels. Temporal trends were considered statistically significant if the p-value (or level of significance) was less than 0.005 at a confidence level at least 99.5 percent. The three tests for each of the five wells showed statistically significant trends. The temporal trend of water levels in well 69 was upward; trends in the remaining four wells were downward. Therefore, with the exception of well 69 near Warm Springs Creek and the well southeast of Picabo, temporal water-level trends agree with water-level changes shown on plates 1, 2B, and 3.
Suggestions for the Groundwater-Level Network
The greater accuracy of water-level change maps in this report (as compared to previous work and described in the section, "Change During October 2006-October 2012") allows qualitative evaluation of how well the existing network identifies areas of water-level change. The groundwater-level network would be enhanced by the addition or elimination of wells in specific areas, which would improve network ability to detect changes and would eliminate any unnecessary information redundancy. Specifically, fewer wells completed in the unconfined aquifer should be measured in the area between Hailey and Deer Creek, and in the area near the confluence of the Big Wood River and the East Fork Big Wood River because wells are in good communication with the Big Wood River, thus water levels exhibit little spatial variability in these areas ( fig. 1; pls. 1 and 3) . In some areas, low well density introduces uncertainty: unconfined aquifer wells should be added to the network in the main valley north of Ketchum, the area between Baseline and Glendale Roads, and the southwestern and southeastern parts of the Bellevue fan ( fig. 1; pls. 1 and 3) . Measurement of additional wells completed in the confined aquifer in the area east of Price Road would provide greater detail in an area of potentiometric-surface declines (pl. 2). If the number of wells in the network were to be increased, additional wells in the tributary canyons should be measured because they showed some of the largest water-level declines. Additional tributary canyon wells could also provide information on tributary underflow into the Wood River Valley aquifer system.
Because "water-level measurements from observation wells are the principal source of information about the hydrologic stresses acting on aquifers and how these stresses affect ground-water recharge, storage, and discharge," periodic measurement of water levels in the network is needed (Taylor and Alley, 2002, p. 1) . The USGS and IDWR have measured four wells in the Wood River Valley since 1954 at intervals ranging from biweekly to semiannually. Measurement of these wells should continue and the larger network should be measured at 5-year intervals.
Summary and Conclusions
Stream-discharge measurements for determination of seepage were made during several days on three occasions: August 27-28, 2012 , October 22-24, 2012 , and March 27-28, 2013 . Discharge measurements were made at 49 sites in August and October, and 51 sites in March, on the Big Wood River, Silver Creek, their tributaries, and nearby canals. The Big Wood River generally gains flow between the Big Wood River near Ketchum streamgage (13135500) and the Big Wood River at Hailey streamgage (13139510), and loses flow between the Hailey streamgage and the Big Wood River at Stanton Crossing near Bellevue streamgage (13140800). This spatial pattern of gaining and losing stream reaches was reasonably consistent throughout all three of the seasonal seepage investigations.
Water levels in 93 wells completed in the unconfined and confined aquifers of the Wood River Valley aquifer system were measured during October 22-24, 2012. Between October 2006 and October 2012, water-table altitude in the unconfined aquifer rose by as much as 1.86 feet in 6 wells and declined by as much as 14.28 feet in 77 wells; average decline was 2.9 feet. The largest declines were in tributary canyons and in an area roughly between Baseline and Glendale Roads. During the same period, the potentiometric-surface altitude in 10 wells completed in the confined aquifer declined between 0.12 and 20.50 feet; average decline was 6.8 feet. The largest declines were in the southwestern part of the Bellevue fan.
Reduced precipitation prior to the October 2012 water-level measurements likely is partially responsible for 2006-12 water-table declines in the unconfined aquifer; the relative contribution of precipitation deficit and groundwater withdrawals to the declines is not known. Declines in the confined aquifer are likely due to groundwater withdrawals and declines in the water table of the unconfined aquifer. A statistical analysis of five long-term monitoring wells (three completed in the unconfined aquifer, one in the confined aquifer, and one outside the aquifer system boundary) showed statistically significant declining trends in four wells.
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The Table A1 . Summary of discharge measurements, measured streamflow gain or loss, and associated estimates of uncertainty on selected stream and canal reaches in the Wood River Valley, south-central Idaho, August 27-28, 2012.
[Site locations are shown in figure 2 . Remarks: G, gaining reach; L, losing reach; U, difference in measured discharge in subreach is less than or equal to the associated measurement uncertainty; I, site inaccessible; N, not estimated due to lack of data; 5, conventional meter: ± 5 percent uncertainty; 8, conventional meter: ± 8 percent uncertainty; D, unaccounted for diversions; R, reported by Water District 37. -25 ± 2.7 
